There is evidence that neutrophils play a role in the development of myocardial reperfusion injury.I,2 Accumulation of catabolites of adenine nucleotides during ischaemia is largely responsible for the generation of oxygen-derived free radicals at the onset of reperfuson. These substances can attract and activate neutrophil granulocytes in the reperfused tissue with further release of free radicals and proteolytic enzymes from these cells. Among these proteases (elastase, collagenase, gelatinase), elastase has been extensively studied in many pathologic conditions. 3 During extracorporeal circulation, neutrophil granulocytes undergo massive degranulation with a subsequent sharp increase of elastase plasma levels. 4 Granulocytes are mainly trapped in the vascular beds that are subjected to a period of ischaemia followed by reperfusion (lungs, heart). 1,2 It has been clearly demonstrated that during cardiac operations these cells accumulate in the lungs 5 and that they are active and potentially able to injure Accepted for publication December 12, 1991 Anaesthesia and Intensive Care, Vol. 10. No. 1, May, 1991 the tissues. 6 However, few, if any, investigations have been made to evaluate these changes in the coronary circulation.
There is evidence that neutrophils play a role in the development of myocardial reperfusion injury.I,2 Accumulation of catabolites of adenine nucleotides during ischaemia is largely responsible for the generation of oxygen-derived free radicals at the onset of reperfuson. These substances can attract and activate neutrophil granulocytes in the reperfused tissue with further release of free radicals and proteolytic enzymes from these cells. Among these proteases (elastase, collagenase, gelatinase), elastase has been extensively studied in many pathologic conditions. 3 During extracorporeal circulation, neutrophil granulocytes undergo massive degranulation with a subsequent sharp increase of elastase plasma levels. 4 Granulocytes are mainly trapped in the vascular beds that are subjected to a period of ischaemia followed by reperfusion (lungs, heart). 1,2 It has been clearly demonstrated that during cardiac operations these cells accumulate in the lungs 5 and that they are active and potentially able to injure the tissues. 6 However, few, if any, investigations have been made to evaluate these changes in the coronary circulation.
The purpose of this study was to assess the changes of elastase and white cell count in blood from the radial artery and from the coronary sinus at different times during open-heart surgery, in order to determine whether sequestration of granulocytes and elastase release occurred in the coronary vascular bed.
MATERIALS AND METHODS Ten male patients (mean age 60.2 years, range 48-67) undergoing coronary artery bypass graft operation were studied. Informed consent was obtained and the study was approved by the Hospital Ethics Committee. All patients had ejection fractions > 50% and were receiving nitrates and calcium channel blocking agents. They were all premedicated with scopolamine 0.25 mg intramuscularly and diazepam 0.2 mg/kg orally 45 minutes before induction.
Prior to induction, noninvasive oxygen saturation (Sa02) monitoring and blood pressure monitoring via a radial artery cannula were started, and a seven-lead electrocardiograph (ECG) was ST segment analysis was performed using a Sirecust 961 monitor (Siemens) to detect ischaemic episodes. Significant ST depression was recorded when ST segment depression of at least 0.1 m V that extended at least 80 ms beyond the J point of the QRS complex occurred.
After induction of anaesthesia with fentanyl (15-20 mcg/kg) and flunitrazepam (20 mcg/kg), muscle relaxation was achieved with pancuronium 0.1 mg/kg. The trachea was intubated and mechanical ventilation was commenced. Under X-ray control a catheter (Webster Catheters) was inserted percutaneously through the left subclavian vein into the coronary sinus. Cardiopulmonary bypass equipment consisted of a Gambro roller pump with a membrane oxygenator (OXY 51, Sorin) and arterial line filter, primed with lactated Ringer's solution plus 20% mannitol 0.5 g/kg and heparin 50 mg. After median sternotomy heparin 3 mg/kg was injected, the right atrium and the aorta were cannulated, full bypass flow (2.4 lImin/m 2 TABLE 2
Elastase (E) plasma levels, mean (SD) in the coronary sinus (CS) and in the radial artery (RA) at different times.
In the t test column are listed the differences between CS and RA values. Symbols indicate the differences between the value beside it and the preceding one. body surface area) instituted and ventilation was discontinued.
After the aorta was cross-clamped, 10-15 mllkg of crystalloid cardioplegia (NaCl 77 mmol/l, KCl 20 mmol/l, MgCl 15 mmol/l, NaHC0 3 5 mmol/l, CaC 12 1 mmol/l) was injected into the aortic root and the. left ventricle was vented. After completion of the d1stal coronary anastomoses, the aortic crossclamp was removed and the patients were rewarmed. Blood samples for the assessment of elastase and white cell count were drawn from both the radial artery and the coronary sinus at the times listed in Table 1 . For the assessment of elastase bloo~ was collected into EDT A tubes and promptl; centnfuged at 1000 G for 10 minutes and frozen at -20·C. For white cell count and haematocrit whole blood was collected into EDT A and sent to the laboratory within one hour. Determinations of white cell count during cardiopulmonary bypass were corrected for haemodilution according to the following equation:. CF = HI (I-H2)/H2 (1-Hl), where CF = correctlOn factor HI = haematocrit prior CPB, H2 = hae~atocrit during cardiopulmonary bypass. Elastase was assessed with the PMN Elastase Merck Immunoassay (IMAC) according to the manufacturer's instructions; in the blood it is bound to its natural inhi~itor (alpha I-antitrypsin) and the laboratory test 1S based on uptake of this complex by antilastas.e. antib~dies and its detection by 1mmob1hsed antl-alphal-antitrypsin antibodies. 7 The reference range in a set of 172 healthy men and women was 22 ± 10 mcg/l. For statistical analysis we used ANOVA test; a Pvalue lower than 0.05 was considered statistically significant. RESULTS . In all cases three grafts were performed (left mternal mammary artery plus two venous grafts) the mean cross-clamp time was 56.3 ± 9.5 minute~ and weaning from cardiopulmonary bypass was always uneventful (no patient required inotropic support). The mean cardiopulmonary bypass time was 132 ± 27 minutes. The mean dose of cardioplegia was 880 ± 75 ml, given as an initial bolus; the mean myocardial temperature was 12.3 ± 4.1·C. No ischaemic episode was recorded in the pre-or post-bypass period. The mean nasopharyngeal temperature at the removal of the aortic cross-clamp was 30.3 ± 1.1 QC; all the patients regained sinus rhythm after one DC shock (20 joules) discharged at 33°C, 7.2 ± 1.5 minutes after the release of the aortic cross-clamp. Blood pressure during cardiopulmonary bypass was maintained between 50 and 60 mmHg with sodium nitroprusside if needed. None of the patients were transfused with homologous blood or blood products and steroids were not administered. The elastase values are reported in Table 2 . Levels increased after institution of extracorporeal circulation both in the coronary sinus (P= 0.01) ~nd in the radial artery (P = 0.007); and this mcrease progressed for at least 70-80 minutes, i.e. 10-15 minutes after the release of the aortic crossclamp, and then plateaued until the end of cardiopulmonary bypass. A significant difference between the coronary sinus and the radial artery was not observed at times 1, 2, 6 and 7 but was significant at times 3 (P= 0.04),4 (P= 0.02) and 5 (P= 0.02), indicating the presence of a gradient at the two sides of the coronary vascular bed after myocardial reperfusion. On the other hand, white cell count (Table 3) did not show such a gradient during the course of the operation although values in the radial artery were slightly greater than those in the coronary sinus at times 3, 4, 5 and 6.
DISCUSSION
Immunological changes during extracorporeal circulation have been demonstrated 8 including complement activation,9 free radical production 6 and modification of neutrophil chemotaxis and leucocyte count. 9 Complement activation is determined by multiple causes: contact of plasma with foreign surface, vigorous blood oxygenation, heparin-protamine interaction lO and endotoxins, whose generation during cardiopulmonary bypass h~s been recently demonstrated. II Among the dIfferent complement fractions, anaphylatoxin C5a plays a major role in the immunological changes: chemotaxis, leukocyte aggregation, release of free radicals and proteases which exert their deleterious action against phospholipids of cell membranes, elastin, proteoglycan and collagen and are responsible for tissue damage after cardiac operations. Post-perfusion lung or pump lung are Anaesthesia and Intensive Care, Vol. 20, No. 2, May, 1992 terms commonly used to indicate lung injury occurring after cardiopulmonary bypass. The ~~ocardium is also jeopardized by reperfusion ~nJ~ry: the term 'myocardial stunning' is used to mdIcate a temporary mechanical and metabolic dysfunction after heart surgery. Several hypotheses have been advanced in order to explain the mechanism of myocardial stunning such as reduced sensitivity of myofilaments to calcium,12 calcium overload I~ or excitati?n-contraction uncoupling, 14 but there IS strong eVIdence that free radicals and leukocytes play a major role. IS This evidence is strongly supported by the beneficial effect of free radical scavengers l6 ,17 and leucocyte-depleted ~0!utionsI8 in preventing myocardial reperfusion Injury. Our study failed to demonstrate a significant leucocyte trapping in the coronary vessels. This is in contrast with the study of Royston 6 who reported a significant difference in the leucocyte count at the two sides of the pulmonary circulation. Two possible explanations can be suggested: 1. a significant difference could probably be found in a larger population' 2. the difference in total area between the capill~ries in the coronary vasculature (20 m 2 ) and those in the pulmonary vascular bed (60 m 2 ).
As far as the modifications of elastase are concerned, we demonstrated that elastase increased progressively during the course of extracorporeal circulation and, as in other students, 4 that a further sharp increase takes place after the release of the aortic cross-clamp. A significant gradient was found between the coronary sinus and the radial artery soon after reperfusion, and it lasted for more than 30 minutes. This gradient declined progressively within the first 60 minutes and almost disappeared after 120 minutes.
In conclusion, this investigation showed that cardiopulmonary bypass increases plasma elastase levels. This increase is significant not only when compared to baseline values, but also across the coronary circulation after declamping the aorta indicating degranulation of granulocytes at th~ time of myocardial reperfusion with subsequent release of proteases into the myocardial vascular bed.
Fut~re studies should be aimed at evaluating the magnItude of reperfusion injury with different techniques for myocardial preservation, i.e. crystalloids versus blood cardioplegia, antegrade versus retrograde infusion, or the use of reperfusion solutions.
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